Objective: To examine the effects of intimate partner violence (IPV) at varied time points in the perinatal period on inadequate and excessive gestational weight gain.
G estational weight gain (GWG) is an important predictor of immediate and future health of a pregnant woman and her infant . Specifically, excessive GWG is associated with an increased risk of large-for-gestational age newborns, cesarean birth, postpartum complications, postpartum weight retention, and childhood obesity (American College of Obstetricians and Gynecologists, 2013; Durie, Thornburg, & Glantz, 2011; Rasmussen, Catalano, & Yaktine, 2009; Salihu, Weldeselasse, Rao, Marty, & Whiteman, 2011) . GWG recommendations aim to optimize health outcomes for women and their infants. In 2009, The Institute of Medicine (IOM) released revised GWG guidelines, based on prepregnancy body mass index (BMI) ranges for underweight, normal weight, overweight, and obese women. The recommendations include a weight gain of 28 to 40 pounds for women who are underweight (BMI < 18.5 kg/m 2 ), 25
to 35 pounds for normal weight (BMI ¼ 18.5-24.9 kg/m 2 ) women, 15 to 25 pounds for overweight kg/m 2 ) women, and 11 to 20 pounds for obese (BMI $ 30 kg/m 2 )
women (Rasmussen et al., 2009) . Despite these recommendations, researchers suggest that up to 84% of overweight and 74% of obese pregnant women gain more than the recommended amount (Johnson et al., 2013) .
The determinants of gestational weight gain are multifactorial and involve biological, social, psychological, and environmental factors and the interactions among them (Hill et al., 2013) . For example, the strongest predictor appears to be pregravid BMI, perhaps because women with a greater BMI are already on the trajectory to gain more weight (Davis, Stange, & Horwitz, 2012; Webb, Siega-Riz, & Dole, 2009) . Age is also a determinant, with younger women gaining more weight than older women but older women entering pregnancy with a greater BMI. Evidence also exists that GWG decreases with greater parity ). In the psychological domain, women with lower self-esteem, with more anxiety or depression, and under more stress due to multiple factors, including experiencing intimate partner violence, have greater weight gains in some but not all studies. This is, in part because of coping mechanisms that use food for soothing (Alhusen, Ayres, & DePriest, 2016; Laraia, Siega-Riz, Dole, & London, 2009 ). For some women, these unstable psychological conditions can contribute to loss of appetite and/ or increased metabolic activity that results in inadequate weight gain. Given the interconnectedness of these factors during a time when women are encouraged to gain weight anyway, understanding the actual driver for adequacy of weight gain and when health care professionals should intervene is complex and perplexing.
Intimate partner violence (IPV) during pregnancy is a significant public health issue associated with negative outcomes for women and children (Silverman, Decker, Reed, & Raj, 2006) . Research suggests between 3% and 9% of women experience IPV during pregnancy, although there are well-established risk factors associated with greater rates of abuse, including young age, single marital status, less education, and low socioeconomic status (Alhusen, Lucea, Bullock, & Sharps, 2013; Alhusen, Ray, Sharps, & Bullock, 2015; Martin, Mackie, Kupper, Buescher, & Moracco, 2001; Saltzman, Johnson, Gilbert, & Goodwin, 2003; Vest, Catlin, Chen, & Brownson, 2002) . Research to examine the association between IPV and GWG is quite limited and is largely contained to small community samples, with researchers suggesting an association between IPV and inadequate GWG (Kearney, Munro, Kelly, & Hawkins, 2004; Parker, McFarlane, & Soeken, 1994) . Drawing from the Oklahoma Pregnancy Risk Assessment Monitoring System (PRAMS), researchers found that IPV around the time of pregnancy was associated with excessive and inadequate GWG among women 35 years and older (Beydoun, Tamim, Lincoln, Dooley, & Beydoun, 2011) . Thus, the population-level patterns of IPV and GWG remain unclear. We advance this knowledge base through analysis of U.S. population-based data to examine the association between IPV and GWG.
Methods
We 
Sample
Of a total 323,926 participants, 2.3% (n ¼ 7,500) were excluded for lack of data about IPV. An additional 10.8% of participants (n ¼ 34,082) were excluded for lack of data about prepregnancy BMI or GWG. Of those who remained, 11.0% (n ¼ 31,002) were excluded for missing data regarding one or more potential confounders, which resulted in a final sample size of 251,342 (see Figure 1) .
Measures
Exposure variables. 
Data Analysis
To account for the complex survey design, survey weights designed by the CDC PRAMS were applied in all statistical analyses. The survey weights take into account oversampling, nonresponse, and the potential for clustering around particular hospitals, counties, or time of year and yield results that represent the total population of mothers who gave birth to a live neonate in the areas and time periods under study. Prevalence and 95% confidence intervals (CIs) of perinatal IPV exposure categories and GWG categories in the total population were calculated. The distributions of GWG and other covariates were calculated in the total population and within perinatal IPV exposure categories using column percentages. Bivariate associations between perinatal IPV exposure and other variables were assessed using the Pearson chi-square statistic with Rao and Scott's correction for survey design.
Column percentages by GWG category were obtained for the exposure variable and covariates. The odds of inadequate GWG compared with normal GWG were calculated by levels of each variable, and the same procedure was IPV and Gestational Weight Gain Alhusen, J. L., Geller, R., Dreisbach, C., Constantoulakis, L., and Siega-Riz, A. M.
carried out to compare the odds of excessive GWG compared with normal GWG. Multivariate logistic regression was used to estimate the odds of inadequate GWG compared with normal GWG, adjusted for all covariates. Similarly, multivariate logistic regression was used to estimate the odds of excessive GWG compared with normal GWG, adjusted for all covariates. All analyses were carried out using STATA software version 13.0. A significance threshold of p < .05 was used for all statistical analyses. The study protocol was reviewed by the University of Virginia institutional review board, which qualified the study as exempt research given its use of publicly available, de-identified surveillance data.
Results

Sample Characteristics
Participant demographic and obstetric characteristics overall and by timing of IPV exposure are shown in Table 1 . Approximately 6% of participants who gave birth to live neonates reported perinatal IPV (i.e., in the year before pregnancy, during pregnancy, or both), 2.7% reported IPV in the year before pregnancy, 1.1% reported IPV during pregnancy only, and the remaining 2.5% reported IPV before and during pregnancy. Participants who experienced IPV were significantly more likely to be single, younger, have less than high school education, and have incomes less than 100% of the federal poverty guideline (all p < .001). Furthermore, a disproportionately greater number of Black non-Hispanic women experienced IPV.
With regard to obstetric characteristics, inadequate GWG was more prevalent among participants who experienced IPV during pregnancy and those who experienced IPV before and during pregnancy (23.3% and 23.5%, respectively) than among participants who reported no IPV (20.2%; p < .001). Participants who experienced IPV before pregnancy only were significantly more likely than all other groups to have excessive gestational weight gain (p < .001).
Smoking during the last 3 months of pregnancy was also significantly more prevalent among participants who reported IPV during any of the three time periods than among their nonabused counterparts (all p < .001). Participants who experienced IPV during any of the three time periods were significantly more likely to report inadequate prenatal care than their nonabused counterparts (all p < .001). Finally, there were significant differences in prepregnancy BMI classification by IPV status. Specifically, participants who experienced IPV at any of the three time periods were significantly more likely to be underweight or obese than their nonabused counterparts.
Sample Characteristics by Gestational Weight Gain
Patterns of GWG differed by IPV status (see Table 2 ). Compared with participants who did not report perinatal IPV, the odds of inadequate GWG were significantly greater among participants who reported IPV before pregnancy only (OR ¼ Alhusen, J. L., Geller, R., Dreisbach, C., Constantoulakis, L., and Siega-Riz, A. M. Multivariate logistic regression models for the effect of perinatal IPV on inadequate and excessive GWG, respectively, are presented in Table 3 . After adjusting for maternal age, race/ethnicity, education, income, marital status, smoking during the last 3 months of pregnancy, adequacy of prenatal care, and prepregnancy BMI, the association between experiencing IPV at any of the three time points and inadequate GWG attenuated to nonsignificance. Similarly, the association between experiencing IPV during pregnancy or experiencing IPV before and during pregnancy and excessive GWG attenuated to nonsignificance. Participants who experienced IPV before pregnancy had significantly increased odds of excessive GWG after adjusting for confounders (adjusted OR ¼ 1.14, 95% CI [1.02, 1.26]).
Discussion
The purpose of our study was to examine the effect of experiencing IPV, at varied time points in the perinatal period, on adequacy of GWG. After controlling for potential confounders, experiencing IPV before, during, or before and during pregnancy was not significantly associated with inadequate GWG. From analysis of our results, we suggest that experiencing IPV before pregnancy was significantly associated with slightly increased odds of excessive GWG, after controlling for potential confounders.
Taken together, it is suggested in our results that the association between perinatal IPV with inadequate or excessive GWG was explained by the confounding variables. Our results are similar to those of Beydoun et al. (2011) , who did not find a significant relationship between perinatal IPV and adequacy of GWG among women younger than 35 years. However, when stratifying by age, Beydoun et al. (2011) found a significant association between perinatal IPV and adequacy of GWG among women ages 35 years and older. Importantly, prepregnancy BMI was controlled for in the final model.
Participants who reported perinatal intimate partner violence had greater rates of gestational weight gain outside the optimal range.
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Several researchers found a significant association between perinatal IPV and adequate GWG. Among a sample of 394 women in Rio de Janeiro, researchers found more severe IPV to be significantly associated with inadequate GWG, after they controlled for several demographic characteristics and for tobacco, alcohol, and illicit drug use (Moraes, Amorim, & Reichenheim, 2006) . With the use of a matched retrospective cohort design, researchers found an increased risk for inadequate and excessive GWG among adult women who reported a history of physical or sexual abuse. When stratified by age, there was not an increased risk among teenagers who reported a history of past or current abuse. Importantly, the final models did not adjust for smoking (Johnson, Hellerstedt, & Pirie, 2002) . Finally, among a large sample of Hispanic women (n ¼ 4,791) who attended public prenatal clinics in California, IPV was associated with a significantly increased risk of poor GWG among overweight and obese women but not among under-or normal-weight women (Siega-Riz & Hobel, 1997) .
Researchers have accumulated evidence to support the linkages among prenatal stress and poor psychosocial, birth, and developmental outcomes for mothers and their offspring (Beydoun et al., 2011; Monk, Spicer, & Champagne, 2012) . IPV is a significant stressor during the perinatal period. Less studied is how women deal with psychosocial stress in terms of lifestyle behaviors such as eating, sleeping, and physical activity. Women who have experienced IPV use various coping strategies to attempt to mitigate the impact of abuse in their lives. Smoking is one such maladaptive coping strategy used to reduce symptoms of anxiety and depression. In the final model of our analysis, smoking during the last 3 months of pregnancy remained a significant predictor of inadequate GWG. In extant research, authors reported that women who experience perinatal IPV are significantly more likely to sustain smoking into the last 3 months of pregnancy than their nonabused counterparts (Cheng, Salimi, Terplan, & Chisolm, 2015) .
Several other variables may confound or mediate the relationship between perinatal IPV and GWG that are not routinely collected through PRAMS, including but not limited to substance use and sleep disturbances. Researchers have shown that women experiencing perinatal IPV are more likely to use alcohol, marijuana, and other illicit substances during pregnancy than their nonabused counterparts, perhaps in an attempt to self-medicate for the physical and psychological trauma associated with abuse during pregnancy (Alhusen, Lucea, Bullock, & Sharps, 2013; Bailey & Daugherty, 2007; Udo, Lewis, Tobin, & Ickovics, 2016) . With regard to sleep, researchers found that women experiencing perinatal IPV during the perinatal period were more than twice as likely to report stress-related sleep disturbance and poor sleep quality during pregnancy than their nonabused counterparts (Sanchez, Islam, Zhong, Gelaye, & Williams, 2016) . Given the links between poor sleep and GWG, sleep disturbance may be an important mechanism that underlies the lasting adverse effects of IPV on maternal health (Abeysena & Jayawardana, 2011; Althuizen, van Poppel, Seidell, & van Mechelen, 2009 ).
In our study, women who reported receipt of inadequate levels of prenatal care were 1.5 times more likely to have inadequate GWG compared with women who reported receipt of adequate levels of prenatal care. Receipt of prenatal care may also serve as an important explanatory variable in the relationship between IPV and GWG. Women who experience IPV during pregnancy are twice as likely to miss prenatal care appointments or initiate prenatal care later than recommended (Chambliss, 2008; Goodwin, Gazmararian, Johnson, Gilbert, & Saltzman, 2000; Subramanian et al., 2012) . Importantly, women who experience IPV are twice as likely to Alhusen, J. L., Geller, R., Dreisbach, C., Constantoulakis, L., and Siega-Riz, A. M.
not initiate prenatal care until the third trimester (Goodwin et al., 2000) . Additional research, particularly qualitative in nature, is needed to better understand the relationship between IPV and receipt of prenatal care.
Consistent with other research findings, from our results we suggest that several maternal characteristics, including maternal age, race/ethnicity, education, and income were associated with an increased risk for inadequate and excessive GWG (Cohen et al., 2016; Samura et al., 2016) . Associations between sociodemographic factors and GWG are complex, and further studies are needed to explore the multifaceted relationships between these factors. The roles of health literacy and prenatal education may provide enhanced understanding of the roles of sociodemographic characteristics and GWG.
Implications for Practice
Gestational weight gain is a significant issue given its association with maternal, fetal, neonatal, and early childhood outcomes. Through our study we demonstrated the role that IPV may play in GWG, through direct effects and through hypothesized confounding variables. Screening for IPV is an important first step to identify women who may be at heightened risk for inadequate or excessive GWG. Multiple organizations, including the U.S. Preventive Services Task Force, have endorsed the recommendation to incorporate IPV screening and treatment into prenatal care, yet screening rates remain relatively low (ACOG, 2012; Taft et al., 2013) . Prenatal care offers a unique window of opportunity for nurses and other health care professionals to foster trusting relationships with pregnant women through repeated contacts. For many women, pregnancy is the only time they engage regularly with the health care system, further highlighting the need to establish trusting patient-provider relationships (McFarlane, Groff, O'Brien, & Watson, 2006) .
If a woman has positive screening results for IPV, an enhanced assessment of how she is coping with the violence and its related stressors would be an important consideration based on our findings. An improved understanding of nutritional intake, including the types of food she is eating, difficulties with adherence to GWG recommendations, and any concerns about GWG may help elucidate the biopsychosocial mechanisms by which IPV exerts its effect on maternal health.
Limitations
The current study has several limitations. First, the PRAMS IPV assessment is limited to the experience of physical abuse, although an association between psychological and sexual abuse with adverse health behaviors and outcomes is supported in extant research (Gisladottir et al., 2014) .
As with all self-reported data, reporting and recall biases may result in misclassification. Prepregnancy BMI and gestational weight gain data may suffer inaccuracies related to maternal recall. Finally, data on substance use and mental health disorders during pregnancy, both important predictors of GWG, are limited in PRAMS.
Conclusion
Through our study we provide important insights into possible pathways by which experiencing perinatal IPV may influence GWG. Screening for violence and its related sequelae is an important first step to improve maternal and child health outcomes. All women with positive screening results or those at risk for IPV should receive services at the time of the visit through a brief intervention (e.g., counseling) or through an appropriate referral system. Nurses are uniquely positioned to help women experiencing perinatal IPV, given the nature of the patient-provider relationship and the repeated contacts during this time period.
gain during pregnancy: A cohort study. To mitigate the effect of intimate partner violence, women use various coping strategies, including smoking and substance use.
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